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Abstract: Incidence and trends in incidence of definite hyper-
tension were analyzed based on 30 years follow-up of 5,209 subjects
in the Framingham Heart Study cohort. Based on pooling of 15
two-year periods, hypertension incidence per biennium increased
with age in men from 3.3 per cent at ages 30-39 to 6.2 per cent at ages
70-79, and in women from 1.5 per cent at ages 30-39 to 8.6 per cent
at ages 70-79. No consistent trend in incidence rates was evident for

Introduction
Few studies on incidence of hypertension in the general

population have been published, although the prevalence of
hypertension has been documented in a number of reports. 1-3
No studies have reported trends in incidence in hypertension
presumably due to the difficulty in collecting such data.
Incidence of hypertension cannot be estimated from ambu-
latory care surveys because the vast majority of medical care
for hypertension relates to prevalent rather than to incident
cases. The availability of incidence data allows health care
planners to focus primary prevention efforts as well as
secondary prevention efforts in the highest risk groups. This
report presents data on cumulative incidence and trends in
incidence of hypertension based on three decades of fol-
low-up of the Framingham cohort.

Methods
The Framingham Heart Study has followed a cohort of

5,209 men and women for more than 30 years with biennial
examinations at the study clinic in Framingham, Massachu-
setts. Each examination included an extensive cardiovascu-
lar history and physical examination, an electrocardiogram,
various blood chemistry determinations, and measurements
of blood pressure, vital capacity, and other physiological
variables. Morbidity and mortality were continuously mon-
itored by hospital surveillance, contact with Vital Statistics
for death certification, and communication with family phy-
sicians and relatives.

For exams prior to Exam 4 (1954-58), we assumed
subjects were not taking antihypertensive medications based
on the rarity of use of such medications in the early 1950s.
Subjects were asked about use of antihypertensive medica-
tion beginning at Exam 4. In this report, use or nonuse of
blood pressure medication was determined by the subject's
response to this question for Exams 4 through 8. For Exams
9 (1964-68) through 16 (1979-81), subjects were considered to
be taking antihypertensive medications only if, in addition to
their report of use, the examiner indicated a clinical impres-
sion of "under treatment for hypertension."4 Use of medi-
cation in the interim period since the last exam was consid-
ered current use.
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either sex from the 1950s through the 1970s. The proportion of
hypertensive subjects receiving antihypertensive medication has
increased since 1954-58 and exceeded 80 per cent for both men and
women ages 60-89 years in 1979-81. Incidence data presented in this
report may serve as a baseline for assessing the impact of future
public health efforts in the primary prevention of hypertension. (Am
J Public Health 1988; 78:676-679.)

Systolic and diastolic blood pressure readings were
taken from the left arm with a mercury sphygmomanometer
while the subject was seated. Measurements were expressed
in millimeters of mercury and were recorded to the nearest
even number. During each examination, two blood pressure
determinations were performed by a physician. Subjects
were considered to have definite hypertension when both
blood pressure readings were abnormal where abnormal was
defined as systolic pressure of at least 160 mm Hg and/or
diastolic pressure of at least 95 mm Hg. Subjects taking
antihypertensive medications were also considered to have
definite hypertension regardless of measured blood pressure
level.

For each of 15 bienniums in the 30-year follow-up,
subjects free of definite hypertension were followed for the
development of definite hypertension to the next exam two
years later. The observed number of subjects with new
definite hypertension diagnosed at that next exam was
divided by the number of individuals at risk at the beginning
of the two-year period to obtain the two-year incidence rate.
Observations from all 15 exams were pooled and age- and
sex-specific two-year cumulative incidence rates were then
calculated.5 At each exam, subjects were considered at risk
of developing definite hypertension only if free of definite
hypertension at all prior exams; presence or absence of other
cardiovascular conditions were not considered in defining the
population at risk.

To assess trends in incidence, the 30 years of follow-up
were divided into three periods representing the 1950s (exams
2 through 6), 1960s (exam 7 through 11), and 1970s (exams 12
through 16). For each ten-year period, two-year age- and
sex-specific incidence rates for that decade were calculated
by pooling the observations from the five consecutive exams.
Trends in incidence rates were examined by comparing the
three successive decades.

Beginning with exam 4 (1954-58), the proportion of
definite hypertensives on medication was calculated for
every fourth biennial exam as the per cent of definite
hypertensives who were receiving antihypertensive medica-
tion at that exam. All rates were calculated by sex and by age
decade.

Results

The incidence of definite hypertension by age and sex
based on pooling of 15 bienniums is presented in Figure 1.
Incidence increased with age in men from 3.3 per cent at ages
30-39 to 6.2 per cent at ages 70-79, and in women from 1.5
per cent at ages 30-39 to 8.6 per cent at ages 70-79. The rate
ofincrease with age was greater in women than men such that
under age 50 men had a higher incidence of definite hyper-
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FIGURE 1-Two-Year Incidence of Definite Hypertension per 100 by Sex and
Age Based on Pooling of 15 bienniuns (Franungham cohort)

tension than women, while the opposite was observed among
subjects older than age 50.

Changes in hypertension incidence over time were
examined by comparing incidence rates for the 1950s, 1960s,
and 1970s by sex and age (Figure 2). No clear trend in
incidence rates is evident in any age group for either sex.

The proportion of hypertensive subjects receiving
antihypertensive medication (Figure 3) increased consistent-
ly over time from 1954-58 to 1979-81 for both men and
women in each age group studied. This proportion exceeded
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80 per cent for both men and women ages 60-89 years in
1979-81. In cross-sectional analysis, the proportion receiving
medication at each exam did not consistently vary with age.

Discussion
The increased incidence of hypertension with advancing

age is consistent with previous reportsS'2 and may be due to
factors such as decreased elasticity of the arterial wall'3 and
weight gain with age. While common in affluent societies, an
increased incidence of hypertension with age is absent in
some primitive cultures, apparently related to low sodium
intake. 14

Reasons for the higher incidence of hypertension in men
than women under age 50, with a crossover above that age,
are speculative. It is possible that men above age 50 at risk
for hypertension are selectively removed from the at risk
population by early death from cardiovascular disease. Alter-
natively, the poorly characterized genetic and environmental
factors that cause hypertension may affect men at a younger
age than women.

Most hypertension education programs have focused on
the detection, treatment, and control of hypertension; con-
siderable success has been achieved in those goals.3 The
marked decline in cardiovascular disease in general and from
stroke in particular over the past two decades'5 is likely due
in part to improved control of hypertension. However,
substantially less attention has been given to the primary
prevention of hypertension. Thus it is not unexpected that no
clear downward trends in hypertension incidence were evi-
dent across the three time periods examined.

Whether modifying dietary sodium, obesity, and activity
patterns in normotensive persons would substantially influ-
ence the incidence of hypertension is not known. This report
focuses on the Framingham experience from 1948 to 1981;
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FIGURE 2-Trends in Two-Year Incidence of Definite Hypertension per 100 by Sex and Age Based on Examinations 2
through 6, 7 through 11, and 12 through 16 (Framingham cohort).
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FIGURE 3-Per Cent of Subjects with Definite Hypertension taking Antihypertensive Medication by Sex and Age at
Biennial Examinations 4, 8, 12 and 16 (Framingham cohort).

TABLE 1-Summary of Incidence of Hypertension in Selected Populations

Year 1944 1970 1972 1981 1982 1983 1987 1987 1988

Author Levy7 Dunn8 Kahn9 Dischinger17 Andre'° Paffenbarger" Buck12 Garrison6 Present data
No. Men 22,741 11,614 3,829 1,092 5,373 14,998 4,559 1,418 2,236
No. Women - - - 1,580 5,982 - 5,614 1,644 2,873
Study Period 1901-41 1950-64 1963-68 1973-77 1971-80 1962-72 1978-82 1971-83 1948-81
Age (years) 25-59 30-59 40-60+ 30-69 20-60+ 35-74 20-65 20-49 30-79
Race not specified Whites mixed Blacks not specified not specified Whites Whites Whites

predominantly
Location or Group US Army northeast Israeli civil Baltimore France Harvard Ontario Framingham Framingham

officers US servants Alumni Offspring Cohort
No. Years

Follow-up 1-25+a 5 5 3 5 6-10 5 8 30b
Definition of

Hypertension* (1) (2) (3) (4) (5) (6) (7) (8) (8)
Age Group (years) Hypertension incidence per year per 1000 persons
Men 20-29 .5c - - - 10.0 - 6.8 5.5 -

30-39 1.3 11.6 - 75.0 17.0 - 15.8 11.4 16.6
40-49 3.9 23.0 7.8 71.0 37.0 5.5e 25.8 17.8 21.9
50-59 11.4 38.9 12.8 91.0 63.2 8.70 33.8 - 23.6
60-69 - - 20.4d 62.3 88.6d 10.2e 40.8f 28.0
70-79 - - - - - - - - 31.1

Women 20-29 - - - - 2.4 - 4.6 2.0 -

30-39 - - - 33.0 9.8 - 9.0 6.8 7.7
40-49 - - - 57.0 25.0 - 20.8 16.1 18.0
50-59 - - - 66.0 48.4 - 32.4 - 24.9
60-69 - - - 61.0 95.8d - 42.6f - 34.7
70-79 - - - - - - - - 42.8

Notes:
(a) 72% had 5 to 19 years of follow-up.
(b) incidence data based on pooling of 15 two-year periods; see text for details.
(c) ages 25 to 29 only.
(d) ages 60 and older.
(e) interpolated from data for 35-44, 45-54, 55-64 and 65-74 year age groups.
(f) ages 60 to 65 only.

Definitions of hypertension used in above studies.
(1) at risk if no prior measured transient hypertension; hypertensive if SBP > 150 or DBP > 90.
(2) a clinical diagnosis of hypertension and/or SBP > = 160 and/or DBP > = 95.
(3) at risk if BP < 140/90; hypertensive if SBP >= 160 and DBP >= 95.
(4) mean of 2nd and 3rd DBP readings > = 95 and/or on antihypertensive medication.
(5) SBP > = 160 and/or DBP > = 95 and/or taking antihypertensive medications.
(6) diagnosed by community physician.
(7) DBP > = 90 at two consecutive visits to general practitioner's office.
(8) both of two BP readings abnormal (where abnormal is defined as SBP > = 160 and/or DBP >= 95) and/or taking antihypertensive medications.

AJPH June 1988, Vol. 78, No. 6

100

80
4W

c
0 60
0

o 40
a.

20

0

100

80

0 60
0

t 40

20

0

678



INCIDENCE OF HYPERTENSION IN FRAMINGHAM STUDY

any public health efforts during the 1980s to lower hyperten-
sion incidence would be unlikely to have a detectable impact
until the late 1980s or early 1990s.

Although the Framingham Study itself does not offer
treatment, the increase in proportion of hypertensive sub-
jects receiving medication could relate to secular changes in
the prescription of antihypertensive medications by commu-
nity physicians which may be different in other communities.
However, the increase observed in Framingham is consistent
with national trends.3

A summary of the incidence of hypertension in selected
populations is presented in Table 1. In general the studies
listed cannot be considered comparable because almost
every study used a different definition of hypertension. The
wide variation in incidence that may be expected when
various definitions are used has been well documented. 6 The
definition used in the present report on the Framingham
cohort was also used in the report on hypertension incidence
in the Framingham offspring6; however, the age ranges of the
subjects in the two studies only partially overlap. In addition,
subjects in most prior studies were selected by employ-
ment,7`'0 education," race,'7 or source of medical care,'2 and
thus do not constitute representative samples of the general
population.

Despite the lack of comparability, several observations
about the studies listed in Table 1 are possible. Men had a
higher incidence of hypertension than women in each age
group in each study6"0"2"7"8 until approximately age 60,
although a crossover appeared to occur somewhat earlier in
the present study. Above age 60, the incidence of hyperten-
sion was at least as high or higher in women than men in the
present study and in two other reports.'0"17 Incidence of
hypertension increased with age in eight out of nine studies;
no clear age trend was evident in the study of Blacks in
Baltimore'7 nor in two other reports.'6"9 The markedly
higher incidence of hypertension in Blacks in the Baltimore
study may be a function both of the definition of hypertension
used and of the known higher incidence of hypertension in
Blacks than in Whites.20

Secondary prevention focused on hypertension diagno-
sis and treatment is the goal of current public health efforts.
Although hypertension can be controlled by treatment, the
high prevalence of antihypertensive medication use (espe-
cially among the elderly) and the adverse effects2",22 and costs
of such drugs warrant concern. The eventual public health
goal should be the primary prevention ofhypertension and its
sequelae. Evidence of successful primary prevention of
hypertension may be reflected in incidence rates some years
before being reflected in prevalence rates, due to increased
diagnosis and improved survival among prevalent cases. This
report presents incidence data that may be used to help target
prevention efforts on the highest risk groups and to serve as

a baseline for assessing the impact of such future public
health efforts in the primary prevention of hypertension.
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